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Lecture 1. Types of Crop: Classifications of crops. 


Types of crops- 
Based on seasons the crops in India are divided into three types; Rabi, Kharif and Zaid. 
Kharif Crops 
e Sown in June-July when rains first begin (Monsoon crop). 
e Harvested in September-October. 
e Requires lot of water and hot weather to grow. 
e Example: Rice, Jowar, Bajra, Maize, Cotton, Groundnut, Jute, Sugarcane, Turmeric, Pulses 
_ (like Urad Dal) etc. 
Rabi Crops 
e Sown in October-November 
e Harvested in April-May. 
e Requires warm climate for germination of seeds and maturation and cold climate for the 
growth. 
e Example: Wheat, Oat, Gram, Pea, Barley, Potato, Tomato, Onion, Oil seeds (like Rapeseed, 
Sunflower, Sesame, Mustard) etc. 
Zaid Crops 
e Grown between March-June between Rabi and Kharif crop seasons. 
e Early maturing crops. 
e Example: Cucumber, Bitter Gourd, Pumpkin, Watermelon, Muskmelon, Moong Dal etc. 
Categories of Crops in India 
The major crops can all be divided into four main categories depending on their usage. 
1. Food Crops (Wheat, Maize, Rice, Millets and Pulses etc.) 
2. Cash Crops (Sugarcane, Tobacco, Cotton, Jute and Oilseeds etc.) 
3. Plantation Crops (Coffee, Coconut, Tea, and Rubber etc.) 
4. Horticulture crops (Fruits and Vegetables) 
Importance of classifying the Crop Plants: 
1. To get acquainted with crops. 
2. To understand the requirement of soil and water different crops. 
3. To know adaptability of crops. 
4. To know the growing habit of crops. 
5. To understand climatic requirement of different crops. 
6. To know the economic produce of the crop plant and its use. 
7. To know the growing season of the crop 
8. Overall to know the actual condition required to the cultivation of plant. 
Classification based on climate: 
1. Tropical: Crops grow well in warm and hot climate. E.g. Rice, sugarcane, Jowar etc 
2. Temperate: Crops grow well in cool climate. E.g. Wheat, Oats, Gram, Potato etc. 
Classification Based on growing season: 
1. Kharif/Rainy/Monsoon crops: The crops grown in monsoon months from June to Oct- 
Nov, Require warm, wet weather at major period of crop growth, also required short day length for 
flowering. E.g. Cotton, Rice, Jowar, bajara. 
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2. Rabi/winter/cold seasons crops: require winter season to grow well from Oct to March month, 
Crops grow well in cold and dry weather. Require longer day length for flowering. E. g. Wheat, 
gram, sunflower etc. 
3. Summer/Zaid crops: crops grown in summer month from March to June. Require warm day 
weather for major growth period and longer ay length for flowering. E.g. Groundnuts, Watermelon, 
Pumpkins, Gourds. 
Use/Agronomic classification: 
1. Grain crops: may be cereals as millets cereals are the cultivated grasses grown for their edible 
starchy grains. The larger grain used as staple food is cereals. E.g. rice, Jowar, wheat, maize, 
barley, and millets are the small grained cereals which are of minor importance as food. E, g. 
Bajara. 
2. Pulse/legume crops: seeds of leguminous crops plant used as food. On splitting they produced 
dal which is rich in protein. E.g. green gram, black gram, soybean, pea, cowpea etc. 
3. Oil seeds crops: crop seeds are rich in fatty acids, are used to extract vegetable oil to meet 
various requirements. E.g. Groundnut, Mustard, Sunflower, Sesamum, linseed etc. 
4. Forage Crop: It refers to vegetative matter fresh as preserved utilized as food for animals. Crop 
cultivated & used for hay, silage. Ex- sorghum, elephant grass, guinea grass, berseem & other 
pulse bajara etc. 
5. Fiber crops: crown for fiber yield. Fiber may be obtained from seed. E. g. Cotton, jute, Mesta, 
sun hemp, flax. 
6. Roots crops: Roots are the economic produce in root crop. E.g. sweet, potato, sugar beet, 
carrot, turnip etc. 
7. Tuber crop: crop whose edible portion is not a root but a short thickened underground stem. 
E.g. Potato, yam. 
8. Sugar crops: the two important crops are sugarcane and sugar beet cultivated for production for 
sugar. l 
9. Starch crops: grown for the production of starch. E.g. tapioca, potato, sweet potato. 
10. Dreg crop: used for preparation for medicines. E.g. tobacco, mint. 
11. Spices & condiments/spices crops: crop plants as their products are used to flavor taste and 
sometime color the fresh preserved food. E. g. ginger, garlic, chili, cumin onion, coriander, 
cardamom, pepper, turmeric etc. 
12. Vegetables crops: may be leafy as fruity vegetables. E.g. Palak, methe, Brinjal, tomato. 
13. Green manure crop: grown and incorporated into soil to increase fertility of soil. E.g. sun 
hemp. 
14. Medicinal & aromatic crops: Medicinal plants includes cinchona, isabgoli, opium poppy, 
senna, rauwolfra, and aromatic plants such as lemon grass, citronella grass, palmorsa, J apanese 
mint, peppermint, jasmine, henna etc. 
Classification based on life of crops/duration of crops: 
1. Seasonal crops: A crop completes its life cycle in one season-Karin, Rabi. summer. E. g. rice, 
Jowar, wheat etc. 
2. Two seasonal crops: crops complete its life in two seasons. E.g. Cotton, turmeric, ginger. 


3. Annual crops: Crops require one full year to complete its life in cycle. E.g. sugarcane. 

4. Biennial crops: which grows in one year and flowers, fructifies & perishes the next year. 

E.g. Banana, Papaya. 

5. Perennial crops: crops live for several years. E.g. Fruit crops, mango, guava etc. 
Classification based on cultural method/water: 

1. Rain fed: crops grow only on rain water. E.g. Jowar, Bajara, Mung etc. 

2. Irrigated crops: Crops grows with the help of irrigation water. E. g. Chili, sugarcane, Banana, 
papaya etc. 

Classification based on root system: 

1. Tap root system: The main root goes deep into the soil. E.g. Tur, Grape, Cotton etc. 

2. Adventitious/Fiber rooted: The crops whose roots are fibrous shallow & spreading into the 
soil. E.g. Cereal crops, wheat, rice etc. 

Classification based on economic importance: 

1. Cash crop: Grown for earning money. E.g. Sugarcane, cotton. 

2. Food crops: Grown for raising food grain for the population and & fodder for cattle. E. g. 
Jowar, wheat, rice etc. 

Classification based on No. of cotyledons: 

1. Monocots or monocotyledons: Having one cotyledon in the seed. E.g. all cereals & Millets. 
2. Dicots or dicotyledonous: Crops having two cotyledons in the seed. E.g. all legumes & pulses. 
Classification based on photosynthesis’ (Reduction of CO2/Dark reaction): 

1. C3 Plants: Photo respiration is high in these plants C3 Plants have lower water use 
efficiency. The initial product of C assimilation in the three ‘C° compounds. The enzyme 
involved in the primary carboxylation is ribulose-1 »-Biophospate carboxylose. E.g. Rice, 
soybeans, wheat, barley cottons, potato. 

2. C4 plants: The primary product of C fixation is four carbon compounds which may be 
malice acid or acerbic acid. The enzymes responsible for carboxylation are phosphoenol 
Pyruvic acid carboxylose which has high affinity for CO2 and capable of assimilation CO2 
event at lower concentration, photorespiration is negligible. Photosynthetic rates are higher 
in C4 than C3 plants for the same amount of Stomatal opening. These are said to be 
drought resistant & they are able to grow better even under moisture stress. C4 plants 
translate photosynthates rapidly. E.g. Sorghum, Maize, Napier grass, sesame etc. 

3. CAM plants: (Cassulacean acid metabolism plants) the stomata open at night and large 
amount of CO2 is fixed as a malice acid which is stored in vacuoles. During day stomata 
are closed. There is no possibility of CO2 entry. CO2 which is stored as malice acid is 
broken down & released as CO2. In these plants there is negligible transpiration. C4 & 
cam plant have high water use efficiency. These are highly drought resistant. E. g. 
Pineapple, sisal & agave. 

Classification based on length of photoperiod required for floral initiation: 

Most plants are influenced by relative length of the day & night, especially for floral 
initiation, the effect on plant is known as Photoperiodism depending on the length of photoperiod 
required for floral ignition, plants are classified as: 

1. Short-day plants: Flower initiation takes plate when days are short less than ten hours. E.g. 


Tice, Jowar, green gram, black gram etc. 

2. Long day’s plants: require long days are more than ten hours for floral ignition. E.g. Wheat, 
Barley, 

3. Day neutral plants: Photoperiod does not have much influence for phase change for these 
plants. E.g. Cotton, sunflower. The rate of the flowering initiation depends on how short or long is 
photoperiod. Shorter the days, more rapid initiation of flowering in short days plants. Longer the 
days more rapid are the initiation of flowering in long days plants. 


Lecture-2-3: Male sterility-Definition, Transfer of MS to a new strain, maintenance of MS, 
Production of hybrid seed and limitations in using male Sterility systems. 

Male sterility is characterized by nonfunctional pollen grains. while, female gametes 
function normally. It occurs in nature sporadically due to mutation and also caused by 
environmental factors. 

Male sterility refers to a condition in which pollen is either absent or nonfunctional in 
flowering plants. 

Features of male sterility- 

1. Male sterile plants produced seed only on cross pollination with functional pollen of 

other plants. 

2. Male sterility leads to heterozygosity in a species as it promotes out breeding and 

reduces homozygosity due to elimination of inbreeding. 

3. Male sterility is caused due to pollen or anther abortion. 

4. Male sterility occurs in nature through spontaneous as well as induced artificially. 

5. Male sterility can be observed in all diploid species of crops both wild and cultivated. 
Types -Male sterility is usually classified into four groups: 

1) Genetic male sterility (GMS)- 

a) Temperature-sensitive genetic male sterility (TGMS) 

b) Photoperiod- sensitive genetic male sterility (PGMS) 

c) Transgenic s genetic male sterility 
2) Cytoplasmic male sterility (CMS) 
3) Cytoplasmic-genetic male sterility (CGMS) 
4) Chemically-induced male sterility 
1) Genetic male sterility (GMS)-The pollen sterility which is caused by nuclear genes is termed 
as genetic male sterility. Male sterility alleles arise spontaneously or may be artificially induced. A 
male sterility line may be maintained by crossing it with heterozygous male fertile plants. Such a 
mating produces 1: 1 male sterile and male fertile plants. 

Inheritance of Male Sterility 


Parents ms ms X Ms Ms 
(Male sterile) | (Male ferile) 
F; Ms ms 


F: 1 Ms Ms, 2 Ms ms, 1 ms ms (Ratio 3 : 1) 
Dhe E 


Male fertile Male sterile 
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Identifying the male fertile plants from the above progeny is difficult and time consuming. 
Hence, GMS is not commonly used in hybrid seed production. In USA it is used in Castor. In 
India it is being used in Red gram, but presently used in safflower. Marker genes which are linked 
to male sterility/ fertility can be used to identify the male fertile plants before flowering stage. For 
example in Maize there is a gene, pigmented hypocotyls (P) and green hypocotyls (G) which is 
closed linked with sterility locus. 


P S- Pigmented & Sterile 

G F- Green & Fertile 

At seedling stage all the green plants are to be removed and pigmented plants are retained, 

as they are sterile. 
2) Cytoplasmic male sterility (CMS) - The pollen sterility which is controlled by Cytoplasmic 
genes or plasma genes, In crops like Maize, Bajra and Sorghum, two types of cytoplasm were 
noticed. One is normal cytoplasm and other is sterile which interferes with the formation of 
normal pollen grains. This follows maternal inheritance therefore, all the off springs will be male 
Sterile. 

As the F; is male sterile, this system cannot be used in crops where there is seed is 
economic part. Hence its utility is confined to certain ornamental species or where vegetative part 
is of economic importance. eg Onion, Fodder Jowar, Cabbage, Palak etc. 

3) Cytoplasmic-genetic male sterility (CGMS)- When pollen sterility is controlled by 
Cytoplasmic and nuclear genes, it is known as Cytoplasmic-genetic male sterility. This is a case of 
Cytoplasmic male sterility where nuclear gene for restoring fertility in MS line is known. The 
fertility restorer gene ‘R’ is dominant and is found in certain strains of the species or may be 
transferred from a related species. This gene restores male fertility in male sterile line, hence 
known as restorer gene. The Cytoplasmic MS can be included in CGMS system as and when 
restorer genes for them are discovered. Restorer genes can be found for all the cases of 
Cytoplasmic MS if thorough search is made. This system is used in almost all seed crops. 

This system involves- 

1. Cytoplasmically determined MS plants known as A line in the genetic constitution. 

2. Fertile counter parts of ‘A’ line known as maintainer line or B line with genetic 

constitution. 

3. Restorer plants used to restore the fertility in commercial seed plots known as ‘R’ lines 

in the genetic constitution. 
Procedure for maintaining CGMS line 


(ms/ms)S X (ms/ms)F -——— > (ms/ms)S 
Male sterile Male fertile Male sterile 
Transfer of Male Sterility from Exotic lines to Nature lines- 


Most of the times MS lines obtained from other countries may not be suitable to our 
condition. Examples are- 


4 
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9 
-Crop [Source of eytoplasm | Drawbacks 
| Maize | Texas Cytoplasm Susceptible to Helminthosporium leat blight 
| Sorghum | Combined kafir Black glumes and chalky endosperm 
Pearl millet _| Tift 23 A (Tifton) [Susceptible to Green ear & downy mildew 


Wild abortive Incomplete panicle exertion 
Microcephalan Reduced vigour in FI hybrids 


Wheat Susceptible to pistiloidy 
Due to this drawback, the well adopted 1 


ocal lines should be converted into male sterile 
lines. This can be done repeated back crossing of local lines to the exotic MS lines. 


Transfer of Male Sterility to a New Strain 


Male sterility can be easily transferred from one genotype to another genotype by 
backcross method. Generally 6 to 7 backcrosses are sufficient to transfer male sterility gene into 
the background of popular variety. For transfer of genetic male sterility, the adapted variety is 
used as male parent and MS genotype as female parent. The F; is male fertile which segregates in 
3 fertile : 1 sterile in Fz generation. The sterile plants are again backcrossed with adapted variety in 
which MS is to be transferred. 

For transfer of Cytoplasmic male sterility, a cross is made between male sterile line and 
adapted variety. The F; is MS which is repeatedly back crossed with adapted variety for 6-7 
generations. Thus an adapted variety can be converted into Cytoplasmic male sterile line through 
backcrossing. 

Similarly, Cytoplasmic genic male sterility can be transferred. But line to be converted into 
CGMS line should have recessive genes in nucleus otherwise it become fertile. 
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Maintenance of Male Sterility Lines or A line-Since A line does not produce pollen; seed is not 
formed for maintaining A line. It has to be crossed with its fertile counterpart having similar 
nuclear genes with fertile cytoplasm which is known as B line. 


Production of Hybrid Seed-For production of hybrid seed, A line has to be kept as female parent 
and the pollen parent should posses restorer genes in order to induce fertility and development in 
the next generation. Such line is known as restorer line and denoted as ‘R’ line. The A line & R 
line should be of different genetic constitution and should be able to give maximum Heterosis. 


Limitation in using Male Sterility Systems- 


1. Existence and maintenance of A, B, & R lines is laborious and difficult. 

2. If exotic lines are not suitable to our conditions, the native/ adaptive lines have to be 
converted into MS lines. 

Adequate cross pollination should be there between A and R lines for good seed set. 
Synchronization of flowering should be there between A and R lines. 

Sterility should be stable over the environments. 

Fertility restoration should be complete otherwise the F 1 seed will be sterile. 

Isolation is needed for maintenance of parental lines and for producing hybrid seed. 
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Lecture-4-5: Hybrid varieties & features, Development of hybrid varieties: Development and 
evaluation of inbred lines, selection of productive inbred lines & production of 
hybrid seeds. Maintenance of nucleus & breeder seed in self and cross pollinated 
crops, Maintenance of pre-released or newly released varieties; Breeder seed of - 
established varieties, Maintenance of nucleus & breeder seed of inbred lines. 


Hybrid varieties are the first generation (F 1) from a cross between two pure lines, inbreeds, 
open pollinated varieties or clones that are genetically dissimilar. Most of the commercial hybrid 
varieties are Fıs from two or more pure lines (tomato, rice, Jowar) or inbreed lines (maize, 
sunflower, Pearl millet etc.). The hybrid varieties are developed to exploit the Heterosis or hybrid 
vigour. 

Hybrid- The progeny of a cross between genetically different plants. 
Hybrid varieties-The F1 populations that are used for commercial cultivation, 


Main feature of hybrids- 
1. Productivity- Hybrid varieties are vigorous and highly productive because Heterosis is 
fully exploited. 


2. Genetic constitution- All the plants of hybrid variety are genetically similar. They are 
highly uniform and more attractive due to homogeneous nature. 

3. Adaptability- Hybrids have wider adaptability to environmental changes than inbred and 
pure lines. i 

4. Application — Hybrids can be developed in both self and cross pollinated species. 

5. Resistance- Hybrids are generally more tolerant to biotic and abiotic stresses than inbred 


` and pure varieties. 
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Types of hybrid- 
Commercially cultivated hybrids are of two types- 

1. Intraspecific hybrids 

2. Interspecific hybrids 
Intraspecific hybrid- A hybrid between genetically different genotypes of the same species is 
known as intraspecific hybrid. Also called Intervarietal hybrid. Commonly used for commercial 
cultivation. Hybrids are always fertile. 
Interspecific hybrids- The F; progeny between two different species of same genus is known as 
interspecific hybrid. Also called intrageneric hybrid. Rarely used for commercial cultivation 
because such hybrids are fertile only in few cases. 


Bre Tine: It is the progeny of single self-fertilized homozygous plant. 


Inbreed line: It is a near homozygous line obtained by continuous inbreeding in a cross pollinated 
crop followed by selection. 
Single cross- The hybrid progeny from a cross between two inbreeds or varieties. 
Double cross- The hybrid progeny from a cross between two single crosses. 
Three-way cross- The hybrid progeny between a single cross and inbred lines. 
Top cross-A cross between an inbred line and open pollinated variety. The purpose of top cross is 
to estimate the GCA of inbred line crossed with open pollinated variety (OPV). When the cross is 
made to assess the combining ability it is known as test cross. A test cross may be made with an 
inbred (for SCA), hybrid, synthetic or OPV (for GCA). The common parent used in the test cross 
is known as tester and the progeny derived from these crosses are known as test cross progeny. 
Poly cross-It is the progeny of a line produced through random pollination by a number of 
selected lines. 
Varietal cross- When two open pollinated varieties are mated it is known as varietal cross or 
population cross. 
Developments of hybrid varieties- Development of hybrid varieties differ from species to 
species. Breeding for hybrids involves three steps- 

1. Development of Inbred 

2. Evaluation of Inbred lines 

3. Production of hybrid seed / commercial utilization of the crosses for seed production 
1. Development of Inbred- Important step in the production of hybrids. There are two methods of 
developing inbred lines. 
a) By selfing of heterozygous population 
b) By doubling of haploids 

Inbred lines are developed by continues self fertilization of a cross-pollinated species. 

Inbreeding of an open pollinated varieties leads to many deficiencies like loss of vigour, reduced 
plant height, plants become susceptible to lodging, insects and pests and many other undesirable 
characters appear. After each selfing desirable plants are selected and self pollinated or sib 
pollinated. In this way, selfing is continued for 6-7 generations to get superior. homozygous 
inbreeds. An inbred line can be maintained by selfing or sibbing. Main purpose of selfing is to fix 
the desirable character in homozygous condition in order to maintain them without any genetic 
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change. Inbred can also developed from haploids by doubling the chromosome number through 
colchicines treatment. This is shortcut method of developing inbreeds. 

The original selfed plants is generally referred as Sọ plant and the first selfed progeny as Sı 
, Second progeny as S2 as so on. The technique of inbreeding requires careful attention to prevent 
natural crossing. The inbred lines are identified by numbers, letters or combination of both. In 
India inbred lines are developed and released through co-ordinate maize improvement scheme and 
are designated as CM (Co-ordinate maize), CS (Co-ordinate sorghum) etc. 

CM-100-199- Yellow flint 

CM-200-299- Yellow Dent 

CM-300-399- White flint 
2. Evaluation of Inbred lines- After an inbred line is developed, it is crossed with other inbreds 
and its productiveness in single and double cross combination is evaluated. The ability of an 
inbred to transmit desirable performance to its hybrid progenies is referred as its combining 
ability. GCA: The average performance of an inbred line in a series of crosses with other inbred 
lines is known as general combining ability. SCA: The excessive performance of a cross over and 
above the expected performance based on GCA of the parents is known as specific combining 
ability. Thus, GCA is the characteristic of parents and SCA is the characteristic of crosses or 
hybrids. The inbreeds are evaluated in following ways. 
a) Phenotypic evaluation- It is based on phenotypic performance of inbreeds themselves. It is 
effective for characters, which are highly heritable i.e. high GCA. Poorly performing inbreeds are 
rejected. The performance of inbreeds is tested in replicated yield trials and inbreeds showing poor 
performance are discarded. 
b) Top cross test-Inbreeds which are selected on phenotypic evaluation, are crossed to a tester 
with wide genetic base eg. an open pollinated variety, synthetic variety or double cross. A simple 
way of producing top cross seed in maize is to plant alternate rows of the tester and inbred line. 
The inbred line has to be detasslled. The seed from the inbred is harvested and it represents the top 
cross seed. The performance of top cross progeny is evaluated in replicated yield trials preferably 
over location and years. Based on top cross test about 50% of the inbred are eliminated. This 
reduces the number of inbred to manageable size for next step. Top cross performance provides 
the reliable estimate of GCA. 
c) Single cross evaluation- Out standing single cross combinations can be identified only by 
testing the performance of single cross. The remaining inbred lines after top test are generally 
crossed in diallel or line x tester mating design to test for SCA. A single cross plants are 
completely heterozygous and homogeneous and they are uniform. A superior single cross regains 
the vigour and productivity that was lost during inbreeding and can be more vigorous and 
productive than original open pollinated variety. Performance of single cross is evaluated in 
replicated yield trial over years and location. Outstanding single cross identified and may be 
released as a hybrid where production of single cross is commercially feasible. 

In case of maize the performance of single cross is used to predict the double cross 
performance. 
Number of Single crosses with reciprocals =n (n-1) 
Number of Single crosses without reciprocals = n (n-1) /2 
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Prediction of the performance of Double Cross Hybrids- In a double cross hybrid, four inbred 
parents are involved. Theoretically, the potential of the double cross will be the function of 
breeding value of these four parental inbreeds. Therefore, based on the procedure of testing the 
breeding value of inbreeds; performance of a double cross hybrid can be predicted through any of 
the four methods indicated by Jenkins (1934). Starting with the simplest procedure these methods 
are- 

a) Top cross testing (one cross per inbred) to know the breeding value of each four inbreeds 
(total 4 top crosses per double cross). 

b) Mean of four non-parental single crosses involved in (A x B) x (Cx D) double cross, viz, 
(A x ©), (A x D), B x C), and (B x D) (total 4 non-parental single crosses per double 
cross). 

c) Average yield performance of all possible six crosses [n (n-1) /2], namely Ax B, A xC, A 
xD, BxC,BxDandCxD (total 6 crosses per double cross). 

d) Average progeny performance of each inbred can be determined by mean performance of 
each inbred in all possible single crosses where it occurs (n-1 crosses per inbred). For 
instance, the mean performance of A x B, A x C, and A x D will determine the average 
breeding value of inbred A. Similarly, mean of A x B, B x C and B x D will indicate the 
potential of inbred B and so on (total 12 crosses per double cross). 

These procedures of predicting the performance of double cross hybrids have been extensively 

investigated long ago. The available evidence shows that the method (b), i.e. mean 

performance of non-parental single crosses, is the most adequate and effective. Since there isa 
close correspondence between predicted and realized yields of double crosses in maize. 

3. Production of hybrid seed- Production of hybrid seed on commercial scale requires — 

(1) Easy emasculation of female parent, and 

(2) Effective pollen dispersal from male parent to ensure a satisfactory seed set in female 

parent. Both these factors are largely governed by floral structure and natural mode of 

pollination of crop species. 
However, male sterility and self- incompatibility offer means for genetic emasculation. 

This preventing self-fertilization by manipulating the genotype of a plant. These are the bases 

of hybrid seed production in many crops. Pollen dispersal is often satisfactory in most cross- 

pollinated species since, it is their natural mode of reproduction. In self-pollinated species, 
however, satisfactory pollen dispersal is often the limiting factor in hybrid seed reproduction. 

Hybrid seed may be produced in use of one of the following ways- 

(1) Cytoplasmic-genetic male sterility, 

(2) Cytoplasmic male sterility, 

(3) Genetic male sterility, 

(4) Self- incompatibility, 

(5) Pistillate condition, 

(6) Chemically induced male sterility, and 

(7) Manual emasculation and/ or pollination. 
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Maintenance of Nucleus and Breeder seed in self and cross pollinated crops 
Nucleus seed- is the handful of original seed obtained from selected individual plants of a 
particular variety for maintenance and purification by the originating breeder. It is further 
multiplied and maintained under the supervision of qualified plant breeder to provide breeder seed. 
This forms the basis for all further seed production. It has highest genetic purity and physical 
purity. 
Maintenance of Nucleus can be divided into 2 groups 
1. Maintenance of newly released varieties 
2. Maintenance of established varieties 
Maintenance of Nucleus seed of pre-released or newly released varieties- 
Harrington 1952 has outlined the procedure for multiplication of nucleus seed which is 
given below: 
i. Selection of variety-Already released or newly released varieties are selected for 
nucleus seed production. These varieties are used as based material for nucleus seed 
production. In any crop not more than 15 new varieties in any research station should be 
selected for nucleus seed production in one year. 


ii. Examination of varieties- Select approximately 200 single plants true to the type of 
each variety are selected from breeder seed plot, threshed separately. Discard poor, 
diseased and inferior plants. Selected plants should be harvested 4 to 5 days before harvest 
to avoid shattering. The progeny of each of 200 selected single plants is grown separately 
and evaluated for major characters of the variety. Seed of true breeding progeny is bulked 
to constitute nucleus seed. Progeny containing off type plants are rejected. 


iii. Selection of field- Select clean fertile land at an experimental station in which the same 
crop was not grown in previous one season. The land should be free from volunteer plants 
and it should be properly isolated. The 200 or less progenies should be sown in 200 double 
rows in 4 series of 50 double rows in each plot. Sufficient spacing should be there between 
and within the rows to facilitate examination of each row during crop growth.. 


iv Inspection of nucleus seed plots and removal of off types- Nucleus seed plot should 
be critically examined from the seedling stage until maturity. If any plot differ distinctly 
from of the nucleus seed variety it should be removed before flowering stage. After 
flowering and during maturity plots should be examined critically for characters like 
flower colour, ear head shape, seed colour etc. and off types removed before harvest. When 
a plant is removed after flowering all the plants or plots within 3 meters should be removed 
as they may contaminate the surrounding plants. 


v. Harvesting and threshing- Each remaining plots (between 180-200) should be 
harvested individually and tied into a bundle. Total bundles of each nucleus should be 
labeled. The individual plots are threshed, cleaned and dried separately. The seed of each 
plot should be placed on work board in piles (heap) and examined for uniformity of seed 
characters. If any pile appears to be off type or diseased it should be discarded. All the 
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remaining plot seed should be mixed together into one lot treated with fungicide and 
insecticide bagged, labeled and stored as “Breeder Stock Seed” for next year. 


Maintenance of Breeder seed of pre-released or newly released varieties- 
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Breeder’s stock seed from nucleus should be sown on clean fertile land on which the same 
crop was not grown in previous one season. 

Field should be properly isolated to avoid natural crossing and spread of diseases. 

Adopt latest farm practices to raise a good crop. 

Breeder seed should be produced at experimental station in the area where the variety is to 
be released. 

Sufficient spacing should be provided between and within rows to examine individual 
plants and remove off types. 

Roughing should be done before flowering and when plants are removed after flowering 
all the surrounding plants within one meter should be removed. 

Harvesting the breeder seed should be done with almost care. The equipment used for 
harvesting, threshing and cleaning should be clean to avoid mechanical mixture. The seed 
should be stored in new gunny bags. The seed produced should be of 99.99% pure and it is 
used for producing foundation seed. A portion of breeder seed should be retained to SOW a 
continuation of breeder seed. 


Maintenance of Breeder seed of established varieties- 
The breeder seed can be maintained satisfactorily by any one of the following methods 


1. 


By raising the crop in isolation- Breeder seed can be maintained by growing them in 
isolated plots and by following rigorous roughing during various Stages of crop growth. 
The methods of handling the breeder seed is same as that described earlier. 

By Bulk selection- Genetic purity of established varieties could be satisfactorily improved 
by bulk selection. In this method select 2000 to 2500 plants which are typical to that of the 
variety. Harvest and thresh them separately. The seed of each plant are examined and any 
plot which shows off types or dissimilar ones are discarded. The seed of individual plant 
may be grown in double rows or may be bulked to form the breeder stock seed. 


Maintenance of Nucleus and Breeder seed of inbred lines (Cross pollinated Crops). 


The maintenance of varieties of cross pollinated is much more complicated than self 


pollinated crops. 
Maintenance of Nucleus seed of inbred lines-After a hybrid has thoroughly tested and if it is 
suitable, the seed of parental lines must be increased in the following manner; 


1. 


Hand pollination: method of maintaining nucleus seed of inbred lines involves self 
pollination, sib pollination of combination of both. Generally maintenance by sibbing is 
preferred because it does not reduce the vigour. It is also preferable to maintain some 
parental material by alternate selfing and sibbing from one generation to the next. The 
individual selfed or sibbed ears should be examined critically. Those which are off types or 
inferior in any regard of differing in any character such as texture, seed size, colour, shape 
etc. should be discarded. The individual selfed or sibbed ears may then be threshed 
separately and sown in ear method in double row plots. The advantage of ear to row 
planting is that the off types from individual ear can be easily detected and controlled. 
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Seeding of hand pollinated seed: Hand pollinated seed should be sown in fertile land 
which is free from volunteer plants. The same crop should not be grown in previous one 
season. The seed should be sown in the area where the hybrid is to be released. 

Isolation: Proper isolation distance should be provided to avoid natural cross pollination 
and spread of diseases. The isolation distance varies from crop to crop and depends on 
nature of contamination and direction of the prevailing wind. Generally more isolation is 
required at this stage than later stages. Distance or time isolation can be practiced to avoid 
contamination. 

Inspection of double row plots and roughing: Despite of making all the efforts taken to 
maintain purity in inbred lines by hand pollination and adequate isolation distance still it is 
not possible to achieve perfection. The double row plots must be carefully checked for off 
types prior to pollen shedding. It is very easy to recognize the off types because they are 
more vigorous than inbred lines. 

Harvesting, drying and shelling: Nucleus seed crop can be harvested soon after it attains 
physiological maturity if artificial drying facilities exist. It is better to harvest the ear to 
row lines separately an oils made in front of each progeny. These piles should be critically 
examined for ear characters and all off coloured, off textured and diseased or undesirable 
ears sorted out. If overall percentage of off types is more than 0.1% hand pollination 
should be done again. After discarding the undesirable ones, remaining ears may be bulked 
and dried in clean dry bin at a temperature not exceeding 43 C. After drying shelling 
should be done in a cleaned machine to avoid mechanical mixtures at this stage. After 
shelling seed may be cleaned treated with fungicide, insecticide, properly labeled and 
stored under ideal storage condition. 


Maintenance of Breeder seed of inbred lines-For increasing breeder seed the breeder stock seed 
obtained from nucleus seed is planted in an isolated field. During increase of breeder seed 
adequate attention must be paid to- 


Land requirement 
Isolation 

Roughing 

Field inspection 
Harvesting and drying 
Sorting of ears 


Care should be taken on the above points so as to produce breeder seed of maximum genetic 
purity. 
Lecture- 6: Genetic purity test of commercial hybrids: Maintenance of genetic purity and 
safeguards for maintenance of genetic purity, Factor affecting genetic purity. 


Variety-Is a group of plants having clear distinguished characters which when reproduced either 
sexually or asexually retains these characters. OR A strain which is released for commercial 
cultivation by Varietal Released Committee. 


The main aim of seed production is to produce genetically pure and good quality seed. But 
why/how the genetic purity of a variety is lost or deteriorated during seed multiplication. The 
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several factors those are responsible for loss of genetic purity during seed production as listed by 
Kadam (1942) are- 
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Developmental variation 
Mechanical mixture 
Mutations 

Natural crossing 

Genetical drift 

Minor genetic variation 
Selective influence of diseases 
Techniques of the Breeder 
Breakdown of male sterility 


. Improper / defective seed certification system 


Developmental variation: When a seed crop is grown in different environmental 
conditions such as different soil and fertility conditions, under saline or alkaline 
conditions, under different photo-periods or different elevations or different stress 
conditions for several consecutive generations the developmental variations may arise as 
differential growth response. 

To avoid or minimize such developmental variations the variety should always be 
grown in adaptable area or in the area for which it has been released. If due to some 
reasons (for lack of isolation or to avoid soil born diseases) it is grown in non-adaptable 
areas it is grown in non-adaptable areas it should be restricted to one or two seasons. The 
basic seed i.e. nucleus and breeder seed should be multiplied in adaptable areas. 
Mechanical mixture: This is the major source of contamination of variety during seed 
production. Mechanical mixtures may be take place right from sowing to harvesting and 
processing in different ways such as- 

Contamination through field — self sown seed or volunteer plants 

Seed drill — if some seed drill is used for sowing 2 or 3 varieties 

Carrying 2 different varieties adjacent to each other 

Growing 2 different varieties adjacent to each other 

Threshing floor 

Combine threshers 

Bags or seed bins 

During seed processing 

To avoid this sort of mechanical mixture it would be necessary to rouge the seed field 
at different stages of crop growth. To take care during seed production, harvesting, 
threshing, processing etc. 

Mutations: It is not much importance as the occurrence of Spontaneous mutations is very 
low i.e. 10%. If any visible mutations are observed they should be removed by rouging. In 
case of vegetatively propagated crops periodic increase of true to type stock would 
eliminate the mutants. 

Natural crossing: It is an important source of contamination in sexually propagated crops 
due to introgression of genes from unrelated stocks/genotypes. The extent of 
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contamination depends upon the amount of natural cross-fertilization. Which due to natural 

crossing with undesirable types, off types and diseased plants. 

In other hand natural crossing is main source of contamination in cross-fertilized or 
often cross-fertilized crops. The extent of genetic contamination in seed field is due to 
natural crossing depends on breeding system of the species, isolation distance, varietal 
mass and pollinating agent. 

To overcome the problem of natural crossing isolation distance has to be 

maintained. Increase in isolation distance decreases the extent of contamination. The extent 
of contamination depends on the direction of wind flow, number of insect presents and 
their activity. 
Genetic drift: When seed is multiplied in large areas only small quantities of seed is 
taken and preserved for the next years sowing. Because of such sub-sampling all the 
genotypes will not be represented in the next generation and leads to change in genetic 
composition. This is called as called as genetic drift. 
Minor Genetic variation: It is not much importance, however some minor genetic 
changes may occur during production cycles due to difference in environment. Due to 
these changes the yields may be affected. To avoid such minor genetic variations periodic 
testing of the varieties must be done from breeder’s seed and nucleus seed in self- 
pollinated crops. Minor genetic variation is a common feature in often cross-pollinated 
species; therefore care should be taken during maintenance of nucleus and breeder seed. 

Selective influence of disease: Proper plant protection measures much be taken against 

major pests and diseases otherwise the plant as well as seed get infected. 

a. In case of foliar diseases the size of the seed gets affected due to poor supply of 
carbohydrates from infected photosynthetic tissue. 

b. In case of seed and soil borne diseases like downy mildew and ergot of Jowar, smut of 
Bajra and bunt of wheat, it is dangerous to use seeds for commercial purpose once the 
crop gets infected. 

c. New crop varieties may often become susceptible to new races of diseases are out of 
seed production programmes. eg. Surekha and Phalguna become susceptible to gall 
midge biotype 3. 

Techniques of the Breeder: Instability may occur ina variety due to genetic irregularities 

if it is not properly assessed at the time of release. Premature release of a variety, which 

has been breed for particular disease, leads to the production of resistant and susceptible 
plants which may be an important cause of deterioration. 

When sonalika and kalyansona wheat varieties were released in India for 
commercial cultivation the genetic variability in both the varieties was still in flowering 
stage and several secondary selections were made by the breeders. 

Breakdown of male sterility: Generally in hybrid seed production if there is any 

breakdown of male sterility may lead to a mixture of F1 hybrids and selfers. 

Improper seed certification: It is not a factor that deteriorates the crops varieties, but is 
there any lacuna in any of the above factors and if it has not been checked it may lead to 
deterioration of crop varieties. 
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Maintenance of Genetic Purity during Seed Production 
Horne (1953) had suggested the following methods for maintenance of genetic purity; 
1] Use of approved seed source in seed multiplication 
2] Inspection of approved field prior to planting 
3] Field inspection and approval of the crop at critical stages for verification of genetic purity, 
detection of mixtures, weeds and seed borne diseases. 
4] Sampling and sealing of cleaned seed lot 
5] Growing of samples with authentic seed stock or Grow-out test. 
Various steps suggested by Hartman and Kestar (1968) for maintaining genetic purity are as 
follows; 
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Providing isolation to prevent cross fertilization or mechanical mixtures 
Rouging of seed field prior to planting 

Periodic testing of varieties for genetic purity 

Grow in adapted areas only to avoid genetic shifts in the variety 
Certification of seed crops to maintain genetic purity and quality 
Adopting generation system l 


Safe guards for maintenance of genetic purity 


The important safe guards for maintaining genetic purity during seed production are; 
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Control of seed source 

Preceding crop requirement 

Isolation 

Rouging of seed fields 

Seed certification 

Grow out test 

Control of seed source: The seed used should be of appropriate class from the approved 

source for raising a seed crop. There are four classes of seed from breeder seed, which are 

given and defined by Association of Official Seed Certification Agency (AOSCA). 

a. Nucleus seed- It is the initial amount of pure seed of an improved variety available 
with originated plant breeder. The nucleus seed will have all the characters that breeder 
has placed in it. It is genetically and physically sent percent pure. The quantity of 
nucleus seed is very limited i.e. in kilograms. It does not have any seed certification 
tag. 

b. Breeder seed- It is seed obtained from the progeny of nucleus seed. It is directly 
supervised by a concerned breeder and which is used for producing foundation seed. It 
is of 100% genetic purity. The label/tag issued for breeder seed is golden yellow in 
colour. The quality of breeder seed is assured by the monitoring team constituted by 
the Govt. l 

c. Foundation seed — It is produced from breeder seed and maintained with specific 
genetic identity and purity. It is produced on Govt. farms or by private seed producers. 
Foundation seed plots are jointly inspected by SCA (Seed certification agency). It has 
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genetic purity of above 98%. The certification tag or label issued for foundation seed is 
white in colour. 

d. Certified seed — The progeny of foundation seed. Production is handled to maintain 
satisfactory genetic identity and purity standards as prescribed for the crops being 
certified and that is approved / certified by certifying seed agency. The bags sealed 
with blue coloured label. 

2. Preceding crop requirement: This has been fixed to avoid contamination through 
volunteer plants and also the soil borne diseases. 

3. Isolation: Isolation is required to avoid natural crossing with other undesirable types, off 
types in the field and mechanical mixtures at the time of sowing, threshing, processing and 
contamination due to seed borne diseases from nearby fields. Protection from these sources 
of contamination is necessary for maintaining genetic purity and good quality seed. 

4. Rouging of seed fields: The existence of off type plants is another source of genetic 
contamination. Off type plants differing in their characteristic from that of the seed crop 
are called as off types. Removal of off types is referred as roughing. 

The main sources of off types are- 

a. Segregation of plants for certain characters or mutations 

b. Volunteer plants from previous crops or 

c. Accidentally planted seeds of other variety 

d. Diseased plants 
Off type plants should be rouged out from the seed plot before they shed pollen and 

pollination occurs. To accomplish this regular supervision of trained person is required. 

5. Seed certification: Genetic purity in seed production maintained through a system of seed 
certification. The main objective of seed certification is to make available seeds of good 
quality to farmers. To achieve this qualified and trained person from SCA carry out field 
inspections at appropriate stages of crop growth. They also make seed inspection by 
drawing samples from seed lots after processing. The SCA verifies for both filed and seed 
standards and the seed lot must confirm to get approval as certified seed. 

6. Grow-out test: Varieties that are grown for seed production should be periodically tested 
for genetic purity by conducting GOT to make sure that they are being maintained in true 
form. GOT test is compulsory for hybrids produced by manual emasculation and 
pollination and for testing the purity of parental lines used in hybrid seed production. 


Lecture 7-8: Advances in hybrid seed production of Rice, Sorghum, Maize, Perl-millet, 
Sunflower, Cotton, Pigeon-pea, etc. Steps and factor affecting hybrid seed production. 


Hybrid Seed Production of Rice 


Prof Yuan Long Ping is the father of hybrid rice in China. The successful development and 
use of hybrid rice technology in China during 1970’s led for development and release of rice 
hybrids in India. In general the hybrid rice gives 1.0 ton more yield than best variety available. 
Hybrid rice can be produced by three different methods- 
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1. Three line system — In this method hybrid rice is produced by utilizing Cytoplasmic 
genetic male sterile system. In this method there are three different lines i.e. A-line or male 
sterile line, B- line or maintainer line and R-line or restorer line. For maintaining A-line it 
has to be crossed with B-line. For producing hybrid seed A-line has to be crossed with R- 
line (A x R). 

2. Two line system — This method of hybrid rice seed production involves the use of 
photoperiod sensitive genetic male sterile (PSMS) line or temperature sensitive genetic 
male sterile system. Any normal line can be used as restorer line. 

3. By using chemical emasculators - The chemicals which kill or sterilize the male gamete 
with little or no effect on the normal functioning of female gamete can be used to 
emasculate female parental line in hybrid seed production. In China chemical emasulants 
are commonly used in hybrid seed of rice. In India they are not used commercially for 
hybrid seed production, but they are used in academic studies. The chemical which can be 
used as potent gametocides are ethereal, maleic hydrazide etc. 

Hybrid seed production (U sing three line system)- 

The hybrid rice seed is produced by utilizing Cytoplasmic genetic male sterile system. The 
source of cytoplasm used is wild abortive. One of the drawbacks of wild abortive cytoplasm is 
incomplete panicle exertion from the flag leaves. Hybrid seed production involves two steps:- 

1. Maintenance of parental lines (A-line, B-line and R-line) 

2. Commercial hybrid seed production (Ax R) 

Maintenance of parental lines is generally referred as foundation seed production and hybrid 
seed production as certified seed class. The A- line can be maintained by crossing with B-line in 
an isolated plot. While, in hybrid seed production A-line is crosses with R-line or fertility restorer 
line. The B-line and R-line can be maintained just like normal varieties by following the required 
isolation and field standards. 

Maintenance of A -line or Hybrid seed production- 

Land requirement- The same crop should not be grown in the same piece of land in the previous 
one season. The land requirement should be followed for nursery as well as for main field. 
Isolation requirement- The hybrid paddy fields should be isolated from other paddy fields, 
including commercial hybrids and same hybrid not confirming to varietal purity requirements for 
certification by at least 200 meters for seed classes A, B, and R lines production and by 100 
meters for hybrid seed production (A x R). For hybrid seed production (A x R), if space isolation 
is a problem we can go for time isolation or barrier isolation. For time isolation the difference 
between the flowering of seed plot and contaminating plot should be at least 4 weeks. When both 
space and time isolation is not possible we can go for barrier isolation. In barrio isolation a barrio 
crop which is of 6-8 feet height should be grown around seed plot at least for 10 meters. The 
commonly used barrio crops are daincha, sugarcane, sorghum etc. 

Brief cultural practices- The success in hybrid seed production depends on synchronization of 
flowering between male and female parent. For maintenance of A-line synchronization of 
flowering will not be a problem as both A and B-lines are iso-genic and come to flowering at same 
time. While, in hybrid seed production synchronization will be a problem as A-line and R-line 
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have different genetic constitution. Generally, A-line is sown once while B and R lines are sown 
three times at an interval of five days. 

When both A and R lines are of same duration sowing of A-line should be adjusted with 
second sowing of R-line. If A and R lines are of different growth duration, the difference in 
duration should be adjusted with second sowing of R-line. For example if A-line comes to 
flowering in 65 days and R-line in 72 days the difference is 7 days. After second sowing of R-line 
adjust the sowing of A-line with a gap of 7 days i.e. first sowing of R-line is done on 1 June, 
second sowing on 5" June and third sowing on 10" June, then sowing of A-line should be done 
on 12" June. 

Planting ratio- The row ratio of female and male parental varies from region to region depending 
on weather conditions and potentiality of parental lines. The commonly adopted planting ratios of 
male and female are 2: 8, 2: 6 or 3: 8. 
Factors influencing row ratio are- 
There can be more than 8 A lines in relation to 2 R lines, 

1. IfR-lines are taller than seed parent 

2. Have good growth and vigour 

3. Have large panicles and 

4. Shed a large amount of residual pollen 
The character of A-line should be- 

1. It should be shorter than pollen parent 

2. Has long duration of floret opening and stigma receptivity 

3. Should have wide angle of floret opening and 

4. Should have a higher percentage of stigma exertion 
Transplanting should be done when the seedling are 25-28 days olds. Before transplanting mix all 
the B or R-lines sown on three different dates. All mixing hills should be replaced within seven 
days. The spacing adopted for A-line is 15 x 15 cm and for B or R-line is 20 x 15 or 30 x 15cm. 
All recommended package of practices should be followed to raise a good crop. 
Number of Field Inspection- Minimum four field inspections should be conducted. The first field 
inspection before flowering stage, second and third during flowering stage and fourth before 
harvesting. During first field inspection verification should be done for volunteer plants, isolation 
requirement, error in planting and the actual acreage sown. During second and third field 
inspection verification should be done for isolation requirement, off-types, diseased plants, pollen 
shedders and objectionable weed plants. Actual counts should be taken during second or third field 
inspection. Fourth or final field inspection should be done to verify for all the above factors and 
off-types can be identified based on panicle or seed characters. 


Foundation class Certified class 
Off-types 0.05 % 0.20 % 
Pollen shedders 0.05 % 0.10 % 
Objectionable weed plants 0.01 % 0.02 % 
Diseases plants 0.10 % 0.50 % 


(Paddy bunt- Neovossia horrida) 
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Rouging — Rouging should be done in both male and female parental lines. Removal of all off- 
type and volunteer plants from both male and female parental lines, During flowering period 
rouging should be done daily to remove the pollen shedders from female parental line. The male 
sterile plants have shriveled anthers and they do not shed pollen while the pollen shedders have 
yellow coloured plump anthers, which shed large amount of residual pollen. The off-type plants 
should be identified based on morphological characters like plant height, plant type, flag leaf 
shape, flag leaf angle and other characters. Remove all the plants, which are infected with stem 
borer, and diseased plants like paddy bunt. 

Method of increasing out-crossing rate: Paddy is highly self-pollinated crop and the extent of 
natural cross-pollination is very less. Hence, to increase the out-crossing rate certain methods 
should be followed like flag leaf clipping, spraying of GA; and rope pulling. 

a. Flag leaf clipping- Flag leaves are taller than panicles and are main obstacles for pollen 
dispersal and cross-pollination. Hence, flag leaves should be removed so as to improve 
cross-pollination and seed set. The flag leaves should be clipped one or two days before 
heading so that it enhances uniform pollen movement and wide dispersal of pollen grains 
to give higher seed set. First cut the flag leaf of the main tiller at flag leaf joint and use it as 
a guide in clipping the rest of the plants. Flag leaves should be cut to half or 2 /3 of the 
blade from the tip. Do not cut flag leaves in plants, which are infected with bacterial leaf 
blight or sheath blight. The cut leaves can be infect other plants or contamination tools 
used for flag leaf clipping can spread infection. Infected plants may be clipped after 
completing the clipping of healthy plants. 

b. GAgapplication — Application of GA; increases the internodes length and panicles will be 
fully exerted from the flag leaves. It increases the duration of floret opening and stigma 
receptivity. Helps in adjusting the plant height of both the parents. It also increases the 
growth rate of secondary and tertiary tillers so that they bear productive panicles. Spraying 
of GA3 should be done twice,- first when 15-20 % of the plants stared heading with 40% 
of the chemical and second at 50% flowering with 60% of the chemical. The dosage 
required is 50 grams with knapsack sprayer and 25 grams with ultra low volume sprayer. 
For first use 20 g GA; in 500 liters of water and second spray use 30 g GA3in 500 liters 
of water. 

c. Rope Pulling — Rope pulling should be done during the peak flowering time. This helps in 
shaking of the male plants and dispersal of pollen grains. Rope pulling should be done 
daily during peak flowering stage at 8.30 A. M. and it should be repeated 3-4 times a day 
at an interval of half an hour. 

Harvesting and threshing — Harvest the male row first and remove them from field so as to 

avoid mechanical mixtures. Then harvest the female rows. Precautions should be taken while 

harvesting not mix male and female plants. Threshing should be done on clean threshing floor 
and seed should be winnowed and dried to safe moisture limits before storage. 

Seed Yield — Depending on the management practices adopted and potentiality of the parental 

line, seed yield may be in the range of 05 to 105 t/ha. 
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Hybrid Seed Production of Sorghum 
In sorghum hybrid seed is produced by utilizing Cytoplasmic genetic male sterile system. The 
source of male sterile cytoplasm used is Combined kafir. Hybrid seed production involves two 
steps; 
1. Maintenance of parental Lines (A-line, B-line and R -line) 
2. Commercial hybrid seed production (A x R) 
Maintenance of parental lines is generally referred as foundation seed production and hybrid 
seed production as certified seed class. The A-line can be maintained by crossing with B- line in 
an isolated plot, while in hybrid seed production A-line is crosses with R-line or fertility restorer 
line. The B-line and the R -line can be maintained just like normal varieties by following the 
required isolation and field standards. As the maintenance of B- line and R-line is just like normal 
varieties ` aie 
Seed Production of B-line and R-line: The seed is produced in an isolated plot and it is similar to 
seed production of open pollinated varieties. However the isolation distance required and the 
fields’ standards are similar to that of maintenance of A-line. 


Maintenance of A-line or Hybrid seed Production (A x R):- 

Land requirement: Land should be free from volunteer plants, Johnson grass, Sudan grass and 
other forage types. The same crop should not be grown on the same piece of land in the previous 
one season unless it is the same variety and certified by certification agency for its purity. 
Isolation requirement: The isolation distance for maintenance of A-line (A x B) is 300 m from 
fields of other varieties of grain and dual purpose sorghum and same variety not confirming to 
varietal purity and 400 m from Johnson grass, Sudan grass, and other forage types. For 
commercial hybrid seed production (A x R) the isolation distance required is 200 m from fields of 
other varieties of grain and dual purpose sorghum, and same hybrid not confirming to varietal 
purity requirements of certification, 5 m from other hybrid seed production plot having the same 
male parent and 400 m from Johnson grass, Sudan grass and other forage types. Differential 
blooming dates for modification of isolation distance are not permitted. 

Planting ratio: The planting ratio of female to male plants is 4:2 with two rows of male parent all 
around the field. 

Brief cultural practices: The success in hybrid seed production depends on synchronization of 
flowering between male and female parent. For maintenance of A-line synchronization of 
flowering will not be a problem as both A and B-lines are isogenic lines and come to flowering at 
the same time, while in hybrid seed production synchronization will be a problem as A-line and 
R-line have different genetic constitution. 

If there is any d difference between the male and female parent for days to flowering the sowing 
dates should be adjusted for proper synchronization of flowering. The seed rate required is 8.0 
kg/ha of A-line and 4.0 kg/ha of B or R-l i ne. Other cultural practices similar to commercial crop 
production should be adopted for raising a good crop. 

Cultural manipulation for nicking: Proper synchronization of flowering between A-line and R- 
line is a common problem. In-spite of taking the precautions like adjusting the sowing dates 
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sometimes synchronization may be a problem. If the difference between the male and female 
parent is less than a week it can be manipulated by cultural practices. The parent which is lagging 
should be sprayed with 1 per cent urea solution 2-.3 times at an interval of 2-3 days or additional 
irrigation should be given to the lagging parent. Blowing air by operating empty duster with the 
mouth directed horizontally to the male ears will help to disseminate pollen. 

Rouging- Before flowering remove all off types from both seed parent and pollen rows based on 
morphological characters. Some of the precautions to be taken while rouging are — 

1. Start rouging before off types: ‘Vilunteers and pollen shedders in female rows start shedding 
pollen. 


2. Out crosses can be easily identified because of their greater height and more vigorous 
growth and should be removed 

3. At flowering rouging should be done every day to remove pollen shedders from female 
parent rows. The sterile types have only stigma or pale aborted anthers without pollen, while 
the fertile ones have yellow colored plumpy anthers which shed large amount of residual pollen. 
4. Remove all plants out of their place (i.e. plants in between the lines), and male plants in 
female rows and vice versa. Special attention should be given at the ends where there is achance 
of male seed falling in female rows. 
5. Remove other sorghum related plants like Johnson grass. Sudan grass and other forage 
types from the seed plot and from withinn the isolation d istance. 
6. Remove the plants affected by kernel buntand s head smut. 


7. Preharvest rouging may be done based on grain and ear characters, 

Number of Field Inspections: A minimum of four field inspections should be conducted. 
The first field inspect ion should be conducted before flowering stage. Second and third during 
flowering stag and fourth before harvesting. During the first field inspection verification should be 
done for volunteer plants. Isolation requirement, errors in planting and the actual acreage sown. 
During the second and third field inspection verification should be done for isolation requirement. 
off types, diseased plants, pollen shedders and objectionable weed plants. Actual counts should be 
taken during second or third field inspection.Fourth or final field inspection should be done to verify 
for all the above factors and the off types can be identified based on panicle orseed characters. 


Foundation class certified class 
Off types 0.05 % 0.10% 
Pollen shedders 0.05 % 0.10 % 
Diseases plants 0.05 % 0.10 % 


(Kernel smut or grain smut and head smut) 


Harvesting and threshing: Harvest the male rows first and keep their heads separate to 
avoid mixture male and female seed. Then harvest the female parental line and thresh it 
separately. Precautions may to take while harvesting and threshing to avoid mechanical mixtures. 
Seed Yield — The seed yield may be in the range of 45 q/ha depending on the parental line 
and the cultural practices adopted. 
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Hybrid seed production of Maize 


In maize we are having single cross, double cross and three-way cross hybrids. Maintenance 
of parental lines/inbred lines and single cross seed production is considered as foundation seed 
class and commercial hybrid seed production or double cross seed production or three-way cross seed 
production as certified seed production. 


Maintenance of Parental lines/ inbred lines: 
Land requirement: No specific land requirements are there for maize seed production; 
however the field should be free from volunteer plants and have good drainage facility. 


Isolation requirement: 400 m of isolation is required from other maize varieties and hybrids 
with same kernel colour and texture as that of the seed parent and 600 m from other maize varieties 
and hybrids with different kernel colour and texture. In case where space isolation is a problem 
we can go for time isolation. Time isolation is provided 5% or more plants in the seed field 
should not be with receptive silks when more than 0.1 % of plants in the contaminating field are 
shedding pollen. 

Brief Cultural practices: Obtain appropriate class of the seed from the source approved by 
seed certification agency. The seed rate required is 15 kg /ha and the recommended cultural 
practices should be followed as that for raising a commercial crop. 

Number of field inspections: A mini mum of four field inspections shall be made in sucha way 
that first field inspection is done before flowering stage and the remaining three during flowering 
stage to verify isolation distance, off types and other relevant factors. 


Off types plants that have shed orare shedding 
pollen when 5.0% or more of the plants in the 0.20 % 
seed field have recept ive silks. 


Rouging: The inbred lines are true breeding strains and rigorous rouging should be done 
to remove off types before they shed pollen. Remove tall and vigorous growing plant from 
the knee-high stage onwards. At preflowering stage rogue out off types based on 
morphological characters such as leaf shape, tassel color and silk color. Final rouging 
should be done to remove disease-affected plants. 


Harvesting of maize ears-: Maize ears can be harvested at high moisture content (30 — 35%) 
when artificial heated air drying facilities are available, otherwise harvest the crop when the seed 
moisture content is I5- 16 %. After harvest sort out all off-type maize ears, particularly those 
showi ng different colour and texture and the diseased ears before placing them in bins for drying. 
Shelling: After drying, the ears are once again examined and any off types or diseased ears are 
removed before shelling. The certification standards require bin inspection of maize ears before 
shelling. Therefore shelling should be undertaken after taking the approval from seed certification 
agency. 

Seed Yield: depending upon the yield potentiality and the management practices adopted the 
yield may be around 5-6 Q/ha. 
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Single cross seed production: 


The single cross seed is produced by crossing two specific inbred lines by following a planting 
ratio of 2 lines of male parent and 4 lines of female parent in alternate rows with 46 ma le 
parents around the seed production plot. The female parent has to be detasslled 

before shedding pollen to ensure cross-pollination with male line. The seed 
harvested from female rows is the single cross hybrid seed. 


Land requirement and isolation requirement: same as maintenance of inbred lines. 


Depending on the differences in duration adjust the sowing dates of male and female inbred 
line. Necessary precaution may be taken to avoid mixing of male and female lines. The ma le 
lines have to mark on both the ends by a label or tag or by sowing the seed or other crops like 
sannhemp or daincha. 


Cultural Practices: The seed rate required is 10 kg/ha for female parent and 5 kg / ha for 
male parent. After adjusting the sowing dates the recommended package of practices should be 
followed. 


Number of field inspections: A minimum of four field inspections shall be made in such a 
way that first field inspection is done before flowering stage and the remaining three during 
flowering stage to verify isolation distance, off types and other relevant factors. 


Foundation class 


Off types plants that have shed or are shedding 

pollen when 5.0 % or more of the plants in the 0.20 % 
seed field have receptive silks. 

Shedding tassels in female parent any inspection 


During flowering when 5.0 % or more of the plants 0.50 % 
8 in the seed field have receptive silks. 
io i Total pollen shedding tassels including tassels that 
have shed pollen from all three inspection conducted 1.00 % 


during flowering on different dates 

Detasselling: when CMS line is not used the seed parent has to be detasslled so that it will be 
fertilized by the pollen from the male parent. Removal of the tassel from the female parent before 
shedding pollen is called as detasselling. For detasselling hold the stalk by left hand and take a firm 
grip ofthe entire tassel in the right hand and pull it gently to detassel. 

Precautions to taken while detassellin g 


1. Remove all tassels from seed parent before they shed pollen. 

2 Detasselling should be done when the tassel is completely out of the nag leaf but before anthers shed 
pollen 

3. Remove the entire tassel 

4. Avoid immature detassel as they cause injury to the top leaves. 
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5. Once detasselling starts in the field it must be repeated daily in all weather conditions at a fixed 
time. Detasselling should be done from the same side every day in case of large fields. 

6. Precaution may be taken not to detassel inmale rows. 

7. Lodged plants in female rows must be detasslled as they are likely to pass unnoticed during detasselling. 


8. After detasselling drop the tassel immediately on the ground and they should not be carried till the 
end of the row as they contaminate receptive silks. 
Rouging: Rouging should be done both in male and female parental lines. Remove the off-types 
from both male and female parental lines before they start shedding pollen. Shedding tassels 
should not be there in female rows. Off-types can be identified based on morphological 
characters like plant height; leaf shape; tassel and silk color etc. remove all the plants affected with 
stalk rot and other diseases. 
Harvesting and shelling: Harvest the male rows first and remove them from the field to avoid 
mechanical mixtures. Then harvest the female rows. After harvesting stg dud be done to remove 
off-colored, off textured and diseased car heads. Before shelling approval should be taken from the 
seed certification agency. 
Seed Yield : average seed yield ofa single cross varies from 4 - 6 Qha. 


Double cross hybrid seed production / Commercial hybrid seed production: The double 
cross hybrid seed is produced by using high yielding single cross as the female parent. The planting 
ration adopted is 2 line of male parent and 6 lines of female parent. The female single cross has to be 
detasslled before pollen shedding to ensure cross- pollination with male parent (single cross). 


Land requirement: No specific land requirements are there for maize seed production; 
however the field should be free from volunteer plants and have good drainage facility. 
Isolation requirement: 


200m From any maize with same kernel color and texture of seed parent 
300m From maize with different kernel color or texture of that of seed parent 
jm From other hybrid seed production plot having same male parent 


Differential blooming dates are permitted for modifying isolation distance provided 5 % or more plants of 
the seed parent should not have receptive silks when more than 0.5 % of plants in the contaminating 
field shed pollen. Or Distance less than 200 m may be modified by planting additional border rows of 
male parent if the kernel color and texture of the contaminating maize are same as that of seed parent. 
For area up to 4 hectares and with decrease in isolation distance by 12.5 m an additional border row 
ofmale parent should be planted. 


No of male rows 


U 


13 
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1. Border rows must be planted in continuation to the seed field at the same time and with 
same seed rate and spacing. 

2. Seed fields having diagonal exposure to the contaminating field should be planted 
with border rows in both the directions of exposure. 

3. natural barriers like thick trees and buildings cannot be substitute the border 

4. When two seed fields with different pollinators are within the isolation distance both are 
to be provided with border rows. 

5. Modification of isolation distance with boarder rows is not permitted if the 
contaminating field parent is of different kernel color or texture if it is popcorn or sweet 
corn. . 

Hybrid seed Production of Bajra 

The hybrid seed in Bajra is produced by utilizing Cytoplasmic genetic male sterility 

system. The Cytoplasmic male sterile source used in bajra is Tift 23A identified by G. W. 

Burton. The hybrid seed production in bajra can be disused under to heads Maintenance 

of parental lines (A -line, B-Line and R-line) Commercial hybrid seed Production (Crossing A 

x R) 


Maintenance of A-line or male sterile line: For maintenance of A-line it has be crossed 
with male fertile, non-pollen fertility restoring strain i.e. B-line in isolated plot. The usual 
planting ratio adopted is 4 lines of A-line and 2 line of B-line with 4-6 borders of B-line around 
the field. 

Isolation Requirement- Isolation required is 1000 m from other bajra fields. Time isolation is 
not permitted in bajra. 

Culture practices- Obtain appropriate class of the seed from the source approved by seed 

certification agency. The seed rate required for drilling is 1.5 kg / ha. of A-line and 0.75 kg /ha of 

B-line. For transplanting the seed rate required is 600-650 gms of A-line and 200-300 gms of B- 
line. The spacing adopted is 7.-90 cms between the row and 20-25 cm within row. Follow the 
recommended package of practices as that of normal cultivation. 

Number of field Inspection- A minimum of four field inspections shall be made as follows; 

1. The first inspection shall be made before flowering preferably within 30 days after to 
determine isolation, volunteer plants, off types, planting ratio, planting error, incidence of 
downy mildew and other relevant factors. 

2. The second and third inspection shall be made during flowering to check isolation, pollen 
shedders, off types, downy mildew/ green ear (Sclerospora graminicola) and other relevant 
factors. 

3. The fourth inspection shall be made at maturity and prior to harvesting and in order to 
determine the incidence of downy mildew/ green ear disease, ergot, grain smut and to verify 


the true nature of plant and other relevant factors. 
TET 
Off types in seed parent at and after flowering 0.05 % 0.10 % 


Off types in pollen parent at and after flowering 0.50 % 0.10 % 
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Pollen shedding heads in seed parent at any one 


0.10 % 
inspection at flowering Loe 4 
Plants infected by downy mildew / green ear at 0.50 % 0.10 % 
any one inspection Lo 


** Ergotted ear heads in seed parent at final 0.02 % 0.04 % 
inspection 


*** Ear heads infected by grain smut in seed 0.05 % 0.10 % 
parent at final inspection 


** Seed from such fields that have been reported to contain the ergot infection even within the 
prescribed limit at final stage shall be subjected 10 floatation treatment with brine to become 
eligible for certification 
*** Seed fields with incidence of grain smut more than the maximum permissible 
level can however be certified if such seed is treated with appropriate organo- 
mercurial fungicide not earlier than a month prior to sowing. 
Roughing: Roughing should be done frequently to produce high quality seed. Following 
precautions should be taken while rouging. 
1. Roughing should be started before flowerin g to avoid contamination with foreign 
pollen 
2. Remove off types and volunteer from seed parent and pollen parent by uprooting to prevent 
re-growth. 
3. Female parent rows should be roughed daily during flowering to remove 
pollen shedders 
4. Remove plants in between the lines or male plants in female rows and vice-versa. 
Remove the pants affected with green ear, ergot and grain smut. . 
5. Remove offty pes and volunteers from within the isolation distance. 
6. Before harvest rouging should be done based on seed characters. 
Harvesting: Harvest the male rows first and keep them separate to avoid mechanical 
mixture. Then harvest the female rows and sort out the undesirable heads and reject 
them before drying and threshing. 
Seed Yield: Depending on the potentiality of the inbred line and the management 
practices adopted the seed yield may be 34 Q/ha. 
Maintenance of restorer line: It is produced in an isolated field just like nomial 
varieties as it is male fertile, by following the standards given for maintenance of A-line. 
Commercial Hybrid seed Production: The hybrid seed is produced by crossing male 
sterile line (A-line) with the restore line in an isolated field. The planting ration adopted 
is 4 lines of A-line and 2-lines of R-line. 
Isolation requirement- 200 m from field of other varieties of bajra and 5 m from fields 
of other hybrid seed production plots having the same male parent. 
Cultural practices- The seed rate required for drilling is 1.5 kg / ha. of A-line and 0.75 kg /ha 
of B-line. For transplanting the seed rate required is 600-650 gms of A-line and 200-300 gms of 
B-line. The spacing adopted is 70-90 cms between the row and 20-25 cm within row. If male and 
female parents of different durations then the sowing dates should be adjusted accordingly for 
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proper synchronization of flowering between male and female parent. If the difference in 
flowering is 3-4 days it can be adjusted by cultural practices. The parent, which is late, 
should be sprayed with 2.0 % urea solution, which enhances flowering. 

Number of field Inspection- A minimum of four field inspections shall be made as follows; 

1. The first inspection shall be made before flowering preferably within 30 days after to 
determine isolation, volunteer plants, off types, planting ratio, planting error, incidence of 
downy mildew and other relevant factors. 

2. The second and third inspection shall be made during flowering to check isolation, pollen 
shedders, off types, downy mildew/ green ear (Sclerospora graminicola) and other 
relevant factors. 

3. The fourth inspection shall be made at maturity and prior to harvesting and in order to 
determine the incidence of downy mildew/ green ear disease, ergot, grain smut and to 


verify the true nature of plant and other relevant factors. 
Certified seed 


[Factor o | Foundations | 
Off types in seed parent at and after flowering 0.05 % 0.10 % 


Off types in pollen parent at and after flowering 0.50 % 
Pollen shedding heads in seed parent at any one 0.50 % 0.10% 
fmaietincag | | 
Plants infected by downy mildew / green ear at 0.50 % 0.10% 
any one inspection en 
** Ergotted ear heads in seed parent at final 0.02 % 0.04 % 
inspection oe 


*** Ear heads infected by grain smut in seed 0.05 % 0.10 % 
parent at final inspection 


** Seed from such fields that have been reported to contain the ergot infection even within the 
prescribed limits at final stage shall be subjected to floatation treatment with brine to become 
eligible for certification 
*** Seed fields with incidence of grain smut more than the maximum permissible level 
can however be certified if such seed is treated with appropriate organo-mercurial fungicide 
not earlier than a month prior to sowing. 
Roughing: Roughing should be done frequently to produce high quality seed. Following 
precautions should be taken while rouging. 
1. Roughing should be stalted before flowering to avoid contamination with foreign 
pollen 
2. Remove off types and volunteer from seed parent and pollen parent by uprooting to 
prevent re-growth. 
3. Female parent rows should be roughed daily during flowering to remove 
pollen shedders 
4. Remove plants in between the lines or male plants in female rows and vice- versa. 
Remove the plants affected with green ear, ergot and grain smut. 
5. Remove off types and volunteers from within the isolation distance. 
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6. Before harvesting rouging should be done based on seed characters. 
Harvesting: Harvest the male rows first and keep them separate to avoid mechanical 
mixture. Then harvest the female rows and sort out the undesirable heads and reject them 
before drying and threshing. 
Seed Yield: Depending on the potentiality of the inbred line and the management 
practices adopted the seed yield may be 34 Q/ha. 

Hybrid Seed Production of Sunflower 

In Sunflower hybrid seed is produced by using Cytoplasmic genetic male sterile system. The source 
of cytoplasm used is Helianthus peteolaris. 


Hybrid seed production in volves two steps 

. Maintenance of parental Lines (A-line, B-line and R-line) 

. Commercial hybrid seed production (A x R) 

Maintenance of parental lines is generally referred as foundation seed production and hybrid seed 
production as certified seed class. The A-line can be maintained by crossing with B-line in an 
isolated plot, while in hybrid seed production A- line is crosses with R-line or fertility restorer 
line. The B-line and the R-line can be maintained just like normal varieties by following the 
required isolation and field standards. As the maintenance of B- line and R-line is just like normal 
varieties it is not discussed in detail. 


Seed Production of B-line and R-line: The seed is produced in an isolated plot and it is similar to 

seed production of open pollinated varieties. However the isolation distance required and the 

field’s standards are similar to that ofmaintenance of A-line. 

Maintenance of A-line or Hy brid seed Production (Ax R): 

Land requirement: Select the fields in which sunflower was not grown in the previous year 
unless it is the same variety and certified by the seed certification agenci for its purity. In 

addition to that the seed field should have good drainage and the soil should be deep fertile and with 

neutral pH. 

Isolation requirement: The seed fields must be isolated from other sunflower fields increase of 
same line seed fields not confirming to varietal purity requirements of certification and from 

wild sunflower species by 600 meters for maintenance of A line and 400 meters for hybrid seed 

production or A x R. 

Planting ratio: The proportion of female (A-line) and male line (B or R-1 ine) should be 3: 1 

with two border rows of male parents on the sides of seed production plot. 

Brief Cultural Practices: The success in hybrid seed production depends on synchronization 

of flowering between male and female parent. For maintenance of A-line synchronization of 
flowering will not be a problem as both A and B-lines are isogenic lines and come to flowering 

at the same time, while i n hybrid seed production synchronization will be a problem as A-line 

and R-line have different genetic constitution. 

If there is any difference between the male and female parent for days to flowering the sowing 

dates should be adjusted for proper synchronization of flowering. The seed rate required is 7.5 

kg/ha of A-line and 2.5 kg/ha of B or R- line. Other cultural practices similar to commercial crop 

production should be adopted for raising a good crop. 
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Roughing: Rouging should be done in both male and female parental line. Remove the 
volunteer plants and off types from both male and female parental line. During flowering 
period roughing should be done daily to remove the pollen shedders. Pollen shedders should be 
removed in the morning hours before the bee activity starts. 

Precautions to be taken while rouging. 


. Start rouging before off types, volunteers and pollen shedders in female rows start shedding 


pollen 


- Remove plants with pink or purple colored centre in the heads. As the cultivated forms have 


greenish yellow in the center. 


3. Remove plants showing branching and multifloret types 
- Remove diseased plants and plants which are too early or too late in flowering 
5. Before threshing remove the heads with white seeds or seeds with prominent white streaks, 


Number of Field Inspections: A minimum of four field inspections should be conducted. The 
first field inspection should be conducted before flowering stage, second and third during 
flowering stag and fourth before harvesting. During the first field inspection verification should 
be done for volunteer plants, isolation requirement, errors in planting and the actual acreage sown. 
During the second and third field inspection verification should be done for isolation requirement, 
off types, diseased plants, pollen shedders and objectionable weed plants. Actual counts should 
be taken during second or third field inspection. Fourth or final field inspection should be done to 
verify for all the above factors and the off types can be identified based on panicle or seed 
characters. 


Foundation class certified class 
Off types 0.20 % 0.50 % 
Pollen shedders 0.50 % 1.00 % 
Objectionable weed plants Nil Nil 
(Wild sunflower) 
Diseases plants (Downy mildew) 0.05 % 0.50 % 
Orabanche Nil Nil 


Supplementary Pollination: 


- Hand pollination: Rub the palm with muslin cloth on the male parental line and then on female 


parent so as to transfer the pollen from male to female parent during peak flowering time. This as 
to be repeated daily during the flowering period in the morning hours 


. Bee Hives: Bee hives may be kept at 200 feet distance at 3-4 places in the field to increase bee 


activity. 

ie and threshing: Harvest the male parent first and remove them from the field to avoid 
mechanical mixtures. Then harvest the female rows. Harvesting and threshing will same as that of 
open pollinated varieties. 

Seed Yield: Depending on the inbred line and the management practices adopted seed yield 
may be in the range of 4-5 qs/ha. 
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Hybrid seed Production of Cotton 
Land requirement: The land should be fiee from volunteer plants, soil should be fertile 
moisture retentive with good drainage 
In hybrid seed is produced by manual hybridization i.e. emasculation and pollination. 
Individual flower buds are emasculated in the evening and pollinated next day morning. The male 
and female are planted in a ratio of 1:4 or 1:5. The first 4/5" of the area are sown with female line 
and the remaining | /5" by male line. For example if there are 50 lines then 40 lines are sown with 
female parent and 10 lines with male parent. Male parent is sown 3-4 times at an interval of &8 
days while the female is sown only once, so that sufficient number of male flowers should be 
available when the female flowers are receptive. The seed rate required for female parent is 3.75 
kg/ha and that of male parent is 2.5 kg/ha. The spacing adopted for female parent is 150 x 100 cm 
and for that of male parent is 150 x 50cm. 
Isolation requirement: Isolation distance required is 50 m and 30 m for foundation and certified 
seed, respectively and5 m between the parental lines. 
Number of field inspections: A minimum of four inspections shall be made as follows: 
1. The first inspection shall be made before flowering to verify isolation, volunteer plants, 
outcrosses and other relevant factors. 
2. The second and third inspections shall be made during flowering to verify isolation, off 
types and other relevant factors. In case male sterile is used for producing hybrid seed, the 
number of pollen shedding plants in female parent shall also be verified. 
3. The fourth inspection shall be made during picking of cotton in female parent in order to 
determine that selfed bolls are eliminated and only cotton from crossed bolls is picked. 


me o “Foundation seed __| certified sead ~~] 
[Offtypes OOOO 0.10 % | 05% 
Pollen shedding plants in female parent Moe i ae 


Organizing an efficient crossing program: 

1. Rogue out all off types from both male and female parental lines before starting the crossing 
program. 

2. Emasculation should be done between 2.00 to 6.00 PM and pollination next day morning 
between 8.00 to 12.00 AM. 

3. Select the bud that will open next day and emasculate it by removing the calyx, corolla and 
the monodelphous stamens without causing injury to the style and stigma. 

4. Emasculate and pollinate all the flower buds appearing during the first seven weeks of 

reproductive phase to ensure good seed setting and development of the bolls. 

5. Emasculation should be perfect and complete. 

6. Cover the emasculated flower bud with butter paper bag and pollinate next day morning. (As 
per certification standards it is not necessary to cover the flower bud with butter paper bag as we are 
following the required isolation distance) 

7. Remove all the unemasculated flower buds next day morning before fertilization. 

. Tiea thread to the pedicel of the bud after each pollination. 

9. Crossing program should be stopped after the 11 week and remove all buds and flowers appearing 
subsequently to facilitate better development of the crossed buds. 

10. Nip the terminal shoots to stop further growth and to support the development of crossed bolls. 
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Harvesting and Picking: Pick up the ripe and completely opened bolls along with pedicel and 
thread and collect in the basket. The bolls may be sorted once again to assure that they are crossed. 
Sundry them for | or 2 days and store in gunny bag until supplied to the processing plants. Care 
should be taken to avoid mechanical admixtures during picking and thereafter. Grow out test is 
generally carried for hybrid seed of cotton produced by manual emasculation and pollination to 
ascertain the genetic purity. 


Hybrid seed Production of Pigeon pea (red gram) 
Hybrids- ICPH-8, PPH-4, COH-1, COH-2, AKPH-2022, AKPH-4101 
To produce hybrid seed in bulk, male sterile lines are planted in the ratio of six male sterile 

rows (Female) : one pollinators row (Male). The hybrid seed plot is surrounded by four pollinator 
rows to provide sufficient pollen load. In genetic male sterility (GMS) system 50% plants appears 
male fertile in the female (MS) rows. Therefore, these fertile sibs need to be uprooted immediately 
as the first bud appears on plant. The male sterile sibs those remain are to be tagged in the female 
rows. Periodical picking of immature pods from the pollinator rows may prolong their flowering 
time. It is possible to produce several hybrids in one isolation block using a common male parent 
and several male sterile, if their flowering can be synchronized, Appropriate isolation distance of 
200 meter between two seed block should be maintained to avoid contamination. 
Steps and factors affecting hybrid seed production 
The common steps included- 

1. Package of practices 

2. Isolation distance 

3. Plant protection measures 

4. Rouging 

1. Package of practices- Standard agronomical practices, viz., sowing time, spacing, 
fertilizer dose; hoeing and weeding are available for each crop. These cultural practices 
have to be strictly followed to raise good crop. It is essential to harvest good yield and 
better quality of produce. Hence, recommended agronomical practices should be adopted 
for production of quality seeds.. Proper crop rotation has to be adopted to avoid 
contamination from previous year’s crop variety. Seed production should be taken up 
under irrigated conditions to get high yield and good quality. 

2. Isolation distance- Isolation means to the separation of field of a variety from that of 
another variety of the same crop to avoid contamination. Proper isolation distance should 
be maintained to avoid natural crossing. Isolation distance differs from crop to crop. The 
isolation distance is low in self-pollinated species, moderate in often cross pollinated 
species and high in cross pollinated species. 

3. Plant protection measures- It is essential to protect seed crop from the attack of various 
insects and diseases, because attack of insects and diseases leads to significant reduction in 
yield as well as quality of seed. Hence, recommended plant protection measures should be 
adopted to raise a health crop. 

4. Rouging- The process of removal of off type (phenotypically different) plants from the 
field of an improved variety is known as rouging. Main objective of rouging is to avoid 
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contamination through mechanical mixture and due to out crossing. In self-pollinated 
crops, generally rouging is done at three different stages, viz., before flowering, after 
flowering and before harvesting.. The characteristics features of variety are taken into 
account during the process of rouging. Any plant deviating from the features of variety 
under multiplication is removed. In the production of hybrid seed in cross pollinated crops, 
rouging should be completed before flowering. In self-pollinated species, rouging can 
continue even after flowering. Diseased plants should also be removed to prevent the 
spread of disease. In hybrid seed production rouging is done in both seed parent and 
pollinator parent. 

Field inspections are made by the State Seed Certification Agency to examine the 
suitability of crop for certification. Number of field inspection varies from 2 to 4 depending upon 
crop species. For hybrid seed production four field inspections should be made. One is made 
before flowering, second at the time of flowering and third and fourth between flowering and 
harvesting. The main objective of field inspection is to examine (1) isolation (2) number of pollen 
shedding plants in female parent (3) off types (4) Volunteer plants (5) Objectionable weeds, (6) 
disease and insect incidence (7) general crop condition. 


PROBEBLE QUESTION (MID) - ELE GPB-244 
Q.1. Define male sterility. Enlist its different types. Describe in brief about Cytoplasmic- 
genetic male sterility./ Explain how to transfer of male sterility to a new strain along with 
flowchart. Give the limitations of using male sterility system. 
Q.2. Define hybrid varieties. Briefly writes the steps involved in for hybrids. van ehoj 
Q.3. Write in short the hybrid seed production of cotton? 


Q.4. Write the importance of classifying the crop plant. Give the agronomical classification 
of crop plant with examples. 


Q.5. State how to maintain newly released varieties? 


Q.6. Define variety. Explain in brief the various factors responsible for loss of genetic purity 
during seed production. 


Q. 7. Elaborate in short the safeguards for maintenance of genetic purity. 
Q.8. What are the different methods of developing hybrid seed production of rice? 


Q.9. Fill in the blanks 


1. Male sterility leads to ---------- in crop species. 

2. The pollen sterility is caused nuclear genes, is term as Cytoplasmic-genetic male 
sterility. ----------- 

3. The pollen sterility is controlled by Cytoplasmic genes, called as ------------- ; 


4. Fertility counter parts of ‘A’ line known as --------- y 
5. Fertility in commercial seed plot is restored by ----------------- ; 
6. AOSCA stands for --------------- 


8. For production of hybrid seed, ‘A’ line kept as ------- parent. 

9, ------------ is needed for maintenance of parental lines and production of hybrid 
seed. 

10. ------------ is the father of hybrid rice. 

11. A foundation seed bags bears ---------- colour label. 

12. -------- male sterility is used for Sorghum hybrid seed production. 

13. Rice is highly ----------- crop. 


14. Proper synchronization of flowering of male and female in hybrid seed production 
of sorghum is achieved by ----------. 

15. Planting ration of male and female rows in commercial hybrid seed production of 
Maize is -------- ; 

16. Cross pollinated crops required -------- isolation distance than self pollinated crops 

in hybrid seed production. 

17. Hybrid between genetically different genotypes of same species is known as ------ 

18. ---------- (1952) outlined the procedure for multiplication of nucleus seed. 

19, --------- is the progeny of foundation seed. 

20. Inbred lines in cross pollinated species are developed by continuous -------- . 

Q. 10. Define the following terms 
1. Inbred line 2. Double cross 3. Top cross 4. Nucleus seed 
5. Foundation seed 6. Variety T: Rouging 8. General combining ability 


